**Core tip:** Multiple gastric adenocarcinoma of the fundic gland (chief cell-predominant type, GA-FG-CCP) is rare in clinical practice. Our case provides diagnostic and therapeutic information about multiple GA-FG-CCP. We also summarize characteristics of three multiple cases with GA-FG-CCP, and most of its endoscopic and clinicopathological features are similar to those of single lesions. More data are needed to advance our understanding.

INTRODUCTION
============

In 2007, Tsukamoto et al\[[@B1]\] reported the first case of the novel entity adenocarcinoma with chief cell differentiation within the fundic gland of the stomach. In 2010, Ueyama et al\[[@B2]\] proposed a novel disease concept, termed gastric adenocarcinoma of the fundic gland (chief cell-predominant type, GA-FG-CCP) according to the endoscopic features and histopathological features of ten cases. Most of the GA-FG-CCP lesions typically are small. Nevertheless, these small lesions show invasion to the submucosa but rarely show lymphatic and venous invasion. They commonly derive from the deep layer of the normal oxyntic mucosa without atrophy and are not associated with *Helicobacter pylori* infection. Therefore, GA-FG-CCP is generally considered to have a low potential for malignancy\[[@B3]-[@B6]\].

Thus far, most reports regarding this tumor type are about single lesions and rarely present multiple GA-FG-CCP lesions. We herein report our experience with two lesions of gastric adenocarcinoma of the fundic gland that developed on the anterior wall of the gastric corpus and the gastric fundus in one patient who had received *Helicobacter pylori* eradication therapy. The gastric mucosa was atrophic.

CASE PRESENTATION
=================

Chief complaints
----------------

A 55-year-old woman underwent esophagogastroduodenoscopy (EGD) screening, and two whitish lesions on the anterior wall of the gastric corpus and gastric fundus were detected in the gastric mucosa.

History of present illness
--------------------------

She felt burping and abdominal distension in the upper abdomen for approximately 1 mo, without emaciation, loss of appetite, or abdominal pain. About one year ago, she received *Helicobacter pylori* eradication therapy.

Personal and family history and physical examination upon admission
-------------------------------------------------------------------

There was no significant past personal history or family history. Her physical examination was unremarkable.

Laboratory examinations
-----------------------

Her laboratory tests only revealed an elevated blood platelet count of 370 × 10^9^/L (normal reference range: 100-300 × 10^9^/L). Blood coagulation, liver function, renal function, electrolyte, tumor marker, cholesterol, blood sugar, anti-autoantibody, urine, and conventional stool test results were all within normal limits.

Imaging examinations
--------------------

A computed tomography scan of the chest and abdomen showed no abnormality.

Endoscopic findings of all lesions are shown in Figure [1](#F1){ref-type="fig"}. The gastric mucosa showed grade C-2 atrophic gastritis according to the Kimura-Takemoto classification\[[@B7]\] (Figure [1A](#F1){ref-type="fig"} and [B](#F1){ref-type="fig"}). A small, type 0-IIa (superficial elevated) submucosal tumor-like lesion, approximately 6 mm in diameter and with a whitish mucosal surface, was found on the anterior wall of the gastric corpus. The mucosa surrounding the lesion did not show atrophy. Narrow-band imaging showed an irregular microvascular pattern and dilatation of microvessels with branching architecture (Figure [1C](#F1){ref-type="fig"} and [D](#F1){ref-type="fig"}). The second lesion was on the gastric fundus and was approximately 4 mm in diameter. White light endoscopy revealed a flat, 0-IIb (superficial flat) lesion with a whitish mucosal surface. The mucosa surrounding the lesion did not show atrophy. Narrow-band imaging showed regular and dilated microvessels (Figure [1E](#F1){ref-type="fig"} and [F](#F1){ref-type="fig"}).

![Endoscopic findings of all lesions. A and B: The gastric mucosa showed grade C-2 atrophic gastritis according to the Kimura-Takemoto classification; C: White light endoscopy revealed a submucosal tumor-like elevated mass with a whitish mucosal surface on the anterior gastric corpus wall; D: Narrow-band imaging showed an irregular microvascular pattern and dilatation of microvessels with branching architecture; E: White light endoscopy revealed a flat shaped lesion with a whitish mucosal surface on the gastric fundus; F: Narrow-band imaging showed regular and dilated microvessels.](WJCC-7-2871-g001){#F1}

FINAL DIAGNOSIS
===============

The patient was diagnosed with GA-FG-CCP by histopathological examination and immunohistochemical staining of the endoscopic biopsy (Figure [2](#F2){ref-type="fig"}). Following the report that pepsinogen I, MUC6, and H+/K+-ATPase are almost always positive on immunohistochemical staining, H+/K+-ATPase is focally positive, and MUC2, MUC5AC, chromogranin A, and CD10 are almost always negative in GA-FG-CCP, the same immunohistochemical staining was performed on the patient's biopsy specimen\[[@B3]\]. Hematoxylin and eosin (HE) staining showed that the tumors had clear demarcation from the surrounding fundus glands and had an irregular gland structure. The tumors were composed of chief cell-like cells with mild nuclear atypia (Figure [2A](#F2){ref-type="fig"} and [B](#F2){ref-type="fig"}). Immunohistochemical staining showed that both lesions were positive for pepsinogen I (Figure [2C](#F2){ref-type="fig"} and [F](#F2){ref-type="fig"}) and MUC6 (Figure [2D](#F2){ref-type="fig"} and [G](#F2){ref-type="fig"}), partially positive for H+/K+-ATPase (Figure [2E](#F2){ref-type="fig"} and [H](#F2){ref-type="fig"}), and negative for MUC5AC, CEA, and CA199.

![Hematoxylin and eosin staining showed that the tumors had clear demarcation from the surrounding fundus glands and an irregular glandular structure. The tumors were composed of chief cell-like cells with mild nuclear atypia. A: Gastric corpus; B: Gastric fundus; C-H: Immunohistochemical staining showed that both lesions were positive for pepsinogen I (C and F) and MUC6 (D and G), and partially positive for H+/K+-ATPase (E and H).](WJCC-7-2871-g002){#F2}

TREATMENT
=========

We performed endoscopic submucosal dissection (ESD) of the two lesions (Figure [3C](#F3){ref-type="fig"} and [D](#F3){ref-type="fig"}). The scar from the biopsy could be easily found before the ESD (Figure [3A](#F3){ref-type="fig"} and [B](#F3){ref-type="fig"}). The ESD-resected specimens were subjected to conventional HE staining and immunohistochemical staining on 2-millimeter thick tissue sections. Upon magnification, the main portion of the lesion on the gastric corpus was located in the deep layer of the lamina propria. The entire lesion was confined within the mucosa and composed of fundic chief cell-like basophilic columnar cells (Figure [4A](#F4){ref-type="fig"}). Immunohistochemical staining showed that the lesion was positive for pepsinogen I (Figure [4D](#F4){ref-type="fig"}) and MUC6 (Figure [4E](#F4){ref-type="fig"}) and partially positive for H+/K+- ATPase (Figure [4F](#F4){ref-type="fig"}). Interestingly, the ESD-resected specimen of the gastric fundus did not identify the lesion. Despite sectioning the entire specimen, the lesion could not be identified. The mucularis mucosa of the ESD-resected specimen was intact, and the scar from the biopsy was identified (Figure [4B](#F4){ref-type="fig"}). The mucularis mucosa of the biopsy specimen was intact (Figure [4C](#F4){ref-type="fig"}); therefore, we suspect that the lesion was biopsied and the lesion was located in the mucosal layer.

![Endoscopic submucosal dissection and pathological reconstruction of the scar from the biopsy. A and B: White light endoscopy revealed the scar of the biopsy of the gastric corpus (B) and gastric fundus (A) after biopsy; C and D: The endoscopic submucosal dissection-resected specimens of the gastric fundus (C) and gastric corpus (D) (pathological reconstruction).](WJCC-7-2871-g003){#F3}

![Hematoxylin and eosin staining. A: Hematoxylin and eosin staining showed that the gastric corpus lesion was located in the deep layer of the lamina propria and did not invade into the muscularis mucosa. The lesion did not extend to the superficial epithelium; B: Hematoxylin and eosin staining showed no detectable lesion in the gastric fundus but only the biopsy scar. The mucularis mucosa of the ESD-resected specimen was intact; C: Hematoxylin and eosin staining of the fundic biopsy showing that the mucularis mucosa was intact; D-F: Immunostaining showed that both lesions were positive for pepsinogen I (D) and MUC6 (E) and partially positive for H+/K+-ATPase (F).](WJCC-7-2871-g004){#F4}

Based on the above data, the two lesions were diagnosed as GA-FG-CCP without invasion of the submucosal layer. The lesion on the gastric corpus was Type 0-IIa, 6 × 4 mm, PT1a, ly0, v0, PHM0, and PVM0. The lesion on the gastric fundus was Type 0-IIb, 4 × 4 mm, PT1a, ly0, v0, PHM0, and PVM0. Both lesions were determined to have undergone curative resection.

OUTCOME AND FOLLOW-UP
=====================

Three months after ESD, the patient underwent EGD and computed tomography. There was no evidence of recurrence or metastasis.

DISCUSSION
==========

GA-FG is a rare type of well differentiated gastric adenocarcinoma towards chief cell-predominant differentiation. Staining for pepsinogen I is positive. The endoscopic features of GA-FG-CCP include: (A) Submucosal tumor shape, protruding, flat or depressed; (B) Faded or whitish, reddish color tone with a soft appearance; (C) Dilated vessels with branching architecture; and (D) No atrophic change, intestinal metaplasia, or chronic gastritis\[[@B2],[@B3]\]. The macroscopic appearance of multiple lesions may be elevated, depressed, or flat. The color tone is yellowish, whitish, or faded, and the blood vessels are dilated, similar to the findings in a single lesion (Table [1](#T1){ref-type="table"}).

###### 

Characteristics of three multiple cases with gastric adenocarcinoma of the fundic gland (chief cell-predominant type)

  **Author (yr)**         **Kino et al**\[[@B13]\]   **Watanabe et al** \[[@B14]\]       **Our case**                                                        
  ----------------------- -------------------------- ----------------------------------- -------------- --------- ------ ---- ----- ---- -------- ---- ----- -------------
  Patient number                                     1                                                            1                      1                   
  Age (yr)                                           78                                                           71                     46                  
  Sex                                                Male                                                         Male                   Female              
  Number of lesions                                  2                                                            3                      3                   
  Location (U/ M/L)       U                                                              U              M                M    M     U             M          
  *H. pylori* infection   Eradication                Uninfective                         Eradication                                                         
  Atrophic gastritis      Improved                   Non-atrophy                         Atrophy (C2)                                                        
  Size (mm, average)      4                          7                                   6              6         5      4    6                              
  Macroscopic shape       Protruding Protruding      Depressed Depressed Depressed       Elevated       Flat                                                 
  Color tone              Yellowish Yellowish        Faded Faded Faded                   Whitish        Whitish                                              
  Dilated vessels         (+) (+)                    (+) (+) ND                          (+)            (+)                                                  
  Depth (μm)              SM (120 μm) M              SM (200 μm) SM (11 μm) SM (38 μm)   M              M                                                    
  Lymphatic invasion      (-)                                                            (-)                      (-)         (-)        (-)           (-)   (-)
  Venous invasion         (-)                                                            (-)                      (+)         (-)        (-)           (-)   (-)
  Pepsinogen I            (+)                                                            (+)                      (+)         (+)        (+)           (+)   (+)
  MUC6                    (+)                                                            (+)                      (+)         (+)        (+)           (+)   (+)
  H+/K+-ATPase                                       (+)                                                (+)              ND         ND            ND         (+) partial
  (+) partial                                                                                                                                                

U: Upper; M (Location): Middle; L: Lower; ND: Not described; SM: Submucosal; M (Depth): Mucosal.

The prevalence of GA-FG-CCP is 0.98% to 1.6% of gastric cancer cases\[[@B6],[@B8],[@B9]\]. In 2010 and 2014, Ueyama et al\[[@B10]\] reported ten cases of GA-FG and summarized the endoscopic and clinicopathological features. In 2012, Park et al\[[@B11]\] reported three cases in Korea and Singhi et al\[[@B12]\] reported about ten other cases. In 2015, Miyazawa et al\[[@B8]\] reported five cases, and in 2016, Chiba et al\[[@B6]\] reported 20 cases. The number of reported cases has increased rapidly. More and more doctors have become aware and understand this disease. Even more cases are anticipated in the future.

Most reports about GA-FG-CCP involve single lesions; multiple lesions are rare. Herein, we summarize the endoscopic and clinicopathologic characteristics of a case of multiple lesions (Table [1](#T1){ref-type="table"}). Multiple lesions are usually located in the upper or middle stomach and can only develop in the fundus or gastric corpus or both. Two or three lesions may be present in one patient. The sizes of the lesions are small, with the largest being 7 mm, which accounts for the difficulty in finding them.

When finding GA-FG like lesions, we should carefully screen for the presence of similar tumors in the other portion in order to avoid a missed diagnosis. If uncertain of the lesion, biopsy may be a good approach to establish a diagnosis. However, because the lesions are typically small, sometimes the lesion may be biopsied or followed to consider the need for biopsy.

Our patient had received *Helicobacter pylori* eradication therapy. Her gastric mucosa showed grade C-2 atrophic gastritis, but no atrophy was seen around the lesions. In multiple cases, Kino et al\[[@B13]\] reported that the patients with two lesions had received *Helicobacter pylori* eradication therapy and that the atrophy of the gastric mucosa had improved. Watanabe et al\[[@B14]\] reported that a patient with three lesions was not infected with *Helicobacter pylori* and that the gastric mucosa was not atrophic. Chiba et al\[[@B6]\] reported that among 20 patients, 15 (75%) cases were of the closed type or open type atrophic gastritis. However, the lesions in 17 (85%) of 20 cases were present in the non-atrophic area, with three lesions located in moderate atrophic surrounding mucosa. The report also revealed that three-quarters of patients were thought to be "infected" with *Helicobacter pylori*; one-quarter was considered *Helicobacter pylori*-negative. Therefore, GA-FG-CCP can develop in a stomach infected or noninfected with *Helicobacter pylori* or after *Helicobacter pylori* eradication therapy with atrophic or non-atrophic mucosa. It is more likely to occur in non-atrophic areas. The state of *Helicobacter pylori* infection and atrophic mucosa may not be critical to the development of GA-FG-CCP. More cases and research are needed to evaluate the characteristics of GA-FG-CCP.

Regarding cases with multiple lesions, the depth of infiltration of our two lesions were limited to the mucosal layer. Watanabe et al\[[@B14]\] reported that the three lesions had infiltrated into the submucosa; the infiltration depths were 200 μm, 11 μm, and 38 μm; the resection they performed was also thought to be curative.

One lesion had venous invasion, but the patient did not have recurrence or metastasis during a follow-up period of one year and eight months. Kino et al\[[@B13]\] reported that one lesion was confined within the mucosal layer and the other infiltrated into the submucosa with a minimal invasion depth of 120 μm. One year later, EGD and computed tomography showed no evidence of recurrence or metastasis. These observations show that multiple GA-FG-CCP can still easily invade the submucosa and may likely show venous invasion but that the entity of multiple GA-FG-CCP still has low metastatic potential and low-grade malignancy.

Although the etiology and pathogenesis of GA-FG remain unclear, Lee et al\[[@B15]\] reported that PPP2R1A mutations may occur in gastric fundic gland-associated neoplasms. β-catenin expression and the mutation spectrum of PPP2R1A and Wnt pathway genes may be associated with the pathogenesis\[[@B16],[@B17]\]. Kino et al\[[@B13]\] showed that multiple GA-FG occurred after conventional gastric cancer, causing them to hypothesize that they may have the same risk factors. Using immunohistochemistry, Takaoka et al\[[@B18]\] studied the mismatch repair (MMR) genes from 31 patients who developed 84 tumors (15 synchronous and 16 metachronous). Multiple early gastric cancers may occur at the same time (synchronously) or several years apart (metachronous) in the same patient, but their clonal origins were absolutely different. Multiple early-stage gastric cancers may be associated with "switching" or "mixing" of deficient mismatch repair (dMMR) genes and proficient-mismatch repair (pMMR) genes, Epstein-Barr virus, or chromosomal instability. It is still unclear whether multiple GA-FG has the same pathogenic mechanism, and more data are required to understand the pathogenesis of multiple GA-FG.

CONCLUSION
==========

Multiple GA-FG-CCP is very rare in clinical practice. Most of its clinicopathologic characteristics are similar to those of single lesions. Our case provides diagnostic and therapeutic information about multiple GA-FG-CCP, but more data are needed to advance our understanding.
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